Ryanodine receptor expression in embryonic avian cardiac muscle.
The cardiac ryanodine receptor serves as a sarcoplasmic reticulum calcium release channel and contributes to the rise in cytosolic calcium necessary for contraction of the heart. We have investigated the presence and oligomeric form of the ryanodine receptor during embryonic development of the avian heart. A single isoform of the ryanodine receptor was identified both in adult and in embryonic cardiac tissue from Days 4 to 20 of development, using anti-receptor monoclonal antibodies in conjunction with [3H]ryanodine binding. The results of sucrose density gradient sedimentation analysis and [3H]ryanodine binding indicated that the cardiac ryanodine receptor is present in a tetrameric form in both the adult and embryos at Day 6 of development. The observation of specific [3H]ryanodine binding in hearts from Days 4 and 5 of embryonic development also indicates the presence of a tetrameric receptor protein. Although the heart begins to beat at approximately 33-38 hr (Day 1.5) of embryonic development, we were unable to detect the cardiac ryanodine receptor, using biochemical or immunological techniques, prior to Embryonic Day 4. Ryanodine was found to alter the chronotropic state of intact hearts as early as Hamburger and Hamilton stages 15-19 (Embryonic Day 3) suggesting that receptor protein may be present in a limited subset of cells involved in pacemaker activity in the very early embryo. After Embryonic Day 4, ryanodine also exerted a negative inotropic effect on embryonic hearts. Our results suggest that a single isoform of the ryanodine receptor is present from Day 4 to Day 20 of embryonic development in avian cardiac muscle and that the ryanodine receptor assumes a tetrameric structure capable of forming a functional calcium release channel that participates excitation-contraction coupling as early as Embryonic Day 4. In addition, a ryanodine receptor-related function may serve as a determinant of chronotropic effects in the very early embryonic heart.